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-Vn efficiency of manv cell types is associated 
SUMMARY: Optimal e lec tropora. ion ef f.ci c - ■ the meo.brar.es ot 

with poor survival. « | "J;^ of serum following electroporatron 
cropor^ ..... 

The utrlrtv of a^o.. - .corporation o,^ 
lnE0 living cells spends upon the formation of _a ^ & ^ 

merab rane. The degree of permeation depends upon J.. hi ,, :it ^ 

■ „„i„' hither field strengths or longeL v 
of the applied electric pulse, hrga . associa ted with 

i \ However, this ii't- ied:,c 
result in increased permeation U). ^..f^ing rhe number of viable 

in ^ -h m Thus conditions tor ma.simi,.mg 
increased cell dea.h (2) . reS c-icted and M v be associated 

► a -alls are often tlgh,. 1/ i« L -' 
permeated or transtec ted ,eUs ar 

wich considerable cell loss (2-=.). pro .., idfe ON A : rans i ec :. L on 

-^nH i-i oris cuLTetuiv u ^ r 

EleCCr0P ° ratl0n : : for manv studies, but improved efficacies are 
frequencies that are adequate tor man ^ 

-,-h rare cells such as hematopoietic s.ein 
needed for studies .i.h rare - ^ all thre e (3). - 

^ « h — S r r mbU rI-;Z:- 'cell^rth serum could be ,sed « 
found that rapid sealing of eiectrop „ rc „ nCa?e of hema t opo i , : i c 

ad ,anta S e in improvin, survival and increasing ^ ^ ^ 

ce lls exhibiting transient expression of g 
following electropora; ion. 

MATERIAL AND METHODS 

,., ; 1 ' ' i r.e ''■'t'.ii I - SB ' 1 ,uu 
. .. .„,.,-; .i c . jveloiioiwo vtio leU " c: ' 1 " 1 '" ' v..-r^,- i i'.'.ursoi; 



A-t ce-_- 

conditioned medium i.o) 
chat used in the growth medium. 
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d<-:.'M 
growi t 

buffer vHeBS) consisting of 20 mM Hep 



mM dext rose . 



pH 7.03 
Cell density fo 



fi'f washed and :~e .>;;., p- 
, 13 7 mM NaCl , b mM KC1 , 
r e lec t roporat ion was 
in of 50 *ig/ml . 
BTX Trans fee tor 300 r. 



iilM 

10" 



Na.HPO,. and 

cells/ml. DNA was added to a final coneentr.it 
Elect roporat ions were performed with a 
capacitance discharge) monitored with the BTX Optimizer. The optimizer i^asur.s 
resistance and records the peak voltage, the pulse duration (l.e). and a trace 
of the voltage decay curve for each discharge. Parallel plate electrodes (BTX 
P/N 470, gap = 2 mm) were covered with platinum foil and were mounted 
horizontally. The ceil suspension was loaded between the plates; contact with 
the upper plate was maintained by surface tension. The electrodes were housed 
in plexiglas to prevent dangerous electrical shock. Capacitance settings were 
adjusted'as necessary for different volumes of cells to yield a 7-8 ms pulse 
duration. All operations were performed at room temperature. 

Pe rmeation Assav: Permeation was measured using the iucifer vellow permeation 
assay of Presse er a!.. (9), modified such that dye was added after 
elec troporation rather than being present during application of the electric 
pulse. An aliquot (10 nl' of elec tropora ted cells was mixed with 1.1 ul of a 
10 mM solution of Iucifer yellow CH (Sigma) in HeBS and allowed to sit tor 10 
minutes. Since addition of serum iiu. re ised the longevity of Iucifer vellow 
permeated cells during subsequent handing and analysis ^nd felted petnkation 
(see Results), an equal volume of serum was added and the suspension was mixed 
and allowed to sit for an additional 5 to 10 minutes. The mixture was abated 
with 1 ml of HeBS and the ceils were pelleted and then analyzed bv ultraviolet 
fluorescence microscopy. Results are expressed as the percentage of fluorescent 
cells among the total live cells in a given field containing at least 200 cells. 
Dead cells were very weakly positive, and were distinguishable bv their diffuse 
outer membranes and were not. counted. 

Viability and Survival : Viability of e lec tropora ted cells was determined using 
eosin exclusion in a hemacytometer after 24 hours in complete medium under normal 
incubation conditions. Survival is expressed as the concentration of viable 
cells relative to control samples which were similarly treated and diluted but 
were not elec troporated . 

T ransfect ion Ef f 1 c ;encv : LacZ expression was measured 24 hours after 
electroporation bv staining with the $ - ga lac tos ide analog, 5 - b romo - 4 - ch ioro - 3 - 
indoyl-0-D-galactosi.de >X-gal). according -° modified procedures of Macuregor 
er al. (10). Briefly, the cell suspension was pelleted, washed once with PBS, 
fixed with 0.2% formaldehyde, 0.4% glu tara ldehvde in PBS for 3 minutes at 4"C, 
washed and pelleted in PBS, and staineo in 100 4 of a mixture of 4 mM potassium 
ferricvanide , 4 mM potassium f e rrocvan ide , 2 mM magnesium chloride and 1 mg/ml 
X-gai in PBS for 20 hours at room temperature. The percentage of plasmid 
expressing blue cells was determined using a hemacytometer. 



RESULTS AND DISCUSSION 

As shown in Figure 1 -upper curve), e lec troporated WEHI - 3B cells kept m 
buffer at room temperature seal siowiv with respect to lueifet yellow pe rmeation. 
After 60 minutes, roughly halt of the original permeated Cells remained 
permeable. The slow decline in permeability allowed us to measure permeation 
bv adding dye to a small portion of the cells after electroporation. thereby 
avoiding the need to add dye into the bulk of the cells during electroporation 
i see Materials and Methods). Sustained permeability of e lect roporated cells to 
various compounds and dyes has also been documented by others (11-13). 



753 



Vol. 



No. 2, 1990 




$£fiUM ADDED • — • 
NO SERUM ADDED 0- O 

" "~ + 




10 15 20 



- ■ £j ~~ 30 0 b 

10 (2) ^« UM CONCENTBAIION (U 

ska rffi^S^irA 

permeability ot ceU, ^ * esptrlBe „ts; — " 

che mean and standard etror t „ ol widen. 

indicates a standard e t ro. -ss ^ ^ 
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Each point represer.-s .he . - 

f lucifer vellow to electroporated cells, a 
se« was added before lucifer ^ ^ ^ ^ 
raart ed reduction in permeation was obse^e .^^^ ^.^ serum M 

by adding lucifer yellow at 

electroporated cells (Figure 1 - impermeabl e to lucifer vellow. 

concentration of 20%, cells were . ^ ^ ^ ^ £uscained 

Parallel cur.es were obtained wrth - ■ ^ ^ 

perrae ability and rapid sealing ^ ^ srop the 

serum proved J— lnterval and b y improving the vUalUy of 

incorporation of dye . ^ ^ 

permeated cells during analysis • " Lndicates that a 20% serum 

T he dose response relates o in ^ af:er 
concentration was full, effect,^ ^r ... S a ^ ^ on luclf „ 

10 ^nutes, but even a 2% serum .ore- characte nzing the responsible 

yellow permeation. A. a preUm^ry P ^ ^ ^ 20% as 

factor(s). dialed serum was ^ ^ & concentraC ion of 10% S ave 

effective as andialvzedserum^ ,e. . ^ ^ , 2% concent rat ion of 

a value for permeation s.U. . uUracenCr ifugat ion of whole serum 

undialvzed serum. Furthermore. af,er ^ ^ fvJC ,ion S . all of the 

Hours at ,5.000 r P m, and fra otion ano ch. uens. 

Actions showed sealing act- ^ > ^ e£fectl ve. respectively, as whole 

bottom fraction were about ,0, ^ dlluti ons. The activity 0: the 

serum, based upon comparison of ^ aL l{]lfc for 5 ra inutes; 

upper.ee fraction was only ^ this treatment. The loss of 

th e bottom fraction, diluted , . _• lar ue ighc component ( s > . 

activity by dialvsis suggests invoivemen. 
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of , factors', bv ulr racentrif ugat ion suggests that a high 
and the concentration ot .1 taccor^, j.y 

r(0 is also evolved in the sealing effect of serum, 
secular weight component ( s ) is cransfecti on efficiency, 

To analyze the effect of serum on survival and transtec . 
. series of electorates were performed at increasing field strengths. A fte 
I lectroporation. e<,„al allots of e lee t ropora ted cells were either _d 
I d telv ith serum or allowed to sit in the elec troporat ion medium at roo 
. • cells were then transferred to complete medium and 

"Tr/rr: - - -» «« — ~ 

1 c _ rhe three highest field strengths, 650, / MJ , 

-:;-r , — ^ - — - - 

- ,-n rransfection efficiency among surviving cells (Figure 
pronounced improvement in transtection . cfprred ce lls at 

B) Serum treatment provided an enriched population of transfected ce Is 

of cells which are more Ukeiy ^ 

, , rpllq and a t 650 V/cm for serum treated cells. lne 
550 V/cm for untreated cells and at od , 

« ' n.arlv 6 fold higher than the former (0.94% vs 0.,6%). 

- : :: - - — - - — r : 

- . in * FftS^ £ ave equivalent DNA trans fei ,o 
in romolete medium (containing 10% FBS) gave q 

r - on in PBS When we added serum before electroporation at a field 
electroporation m rob . *neu 

755 



Vol. 171. No. 2, ^990 



was added [mined 



BIOCHEMICAL AND B,OPHVSICAL RESEARCH COMMUNICATES 



roi'.iv ion. Tn.' sui 



' ; ' •^•' n ' SK '' /? Virh a ten minute P os: inoabar ion in butter, 

respectively. At this t i-d *• " l . (> s . , Tilt ,, 

, , , 0 „. ..• a the transection tat, .a, >. 
-K e survival was 6 .."■>■ _ , v r u . ,,t. 

, . ,. . v . st 1,,,:; not S £ ni f leant lv inter. e.e 

" SUUS Sh °" .. IVS( .„, during application of the electro pu.se. 

DNA into the ceils ev, ,. , , ^ 1<u . ifer veliow attet .iectroporat ion 

The SUStainPrf P " im ' a,m ;:; "7 .UVd immediately after e 1 ec t rope rat ion in 

was not seen with DNA *lu-n.-. ceUs) . 

fpi ---n*s were obtained (detection Uul 

buffer, no transfer- ^ ^ ^ . f ^ durill& . ,he 

Apparently DNA entry ir.to cne , observations of 

,. . , -nese finding are consists. «un 
electric discharge. .....s* . c , of freeze fracture* 

Chang and Reese it: 



UsinR electron microscopy of freeze 



Chang and Reese - - - -hev report that large- pores 

nm in diameter) de^.elo, res could be sites ot 

r v w — V p-ilse These snou-Uvcd :ar b h 
seconds of the eK-c,^. ^ - ■ . hl , ner c; S r,nc u! smal ler por.s 

p O SbiUit r 



e „rtv for macromolecu'.es wcr\ as i).--- si t-chnl'iu* . 

" • , ..;-hip the resolution ot >tu-a ^m. , 

« 3 rm> could not be determined .whw. sported 
' . . • , 0 f electroporation for DNA transit, i. 

" inl " d n :h e eleotroporation medium containing DNA was 

that a postincubation period in d ^ ^ _ 

necessary for DNA transection, implytn* ^ - S y incorporated 

• Host DN rt transfection protocols ha. 1 
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-ently been reported with ~ " tes£s Create that 
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f --ph^ - B cells , unpublished resui-s.. 
cransf-.-ctLon of *e.Hi ^ ,-^^lv reseal the membranes 
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0UC of permeable -« elect rotransfection efficiency in 

somewhat unexpectedly, to increase .he D. A 
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